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In accordance with an example embodiment of the present
invention, an apparatus 1s provided, including a plurality of
photon sensing layers arranged on top of each other, and an
intermediate layer between each two adjacent sensing layers,
the sensing layers being of graphene, and each intermediate
layer being configured to prevent a respective color compo-
nent of light from proceeding into the photon sensing layer
next to it.
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APPARATUS AND METHOD FOR SENSING
PHOTONS

TECHNICAL FIELD

The present application relates generally to apparatuses
and methods for sensing photons.

BACKGROUND

An 1mage sensor 1s an apparatus that converts an optical
image 1nto an electric signal. It has been widely used in digital
cameras and other imaging devices, such as camera-equipped
mobile phones. Most digital cameras use either a CMOS

(Complementary Metal-Oxide Semiconductor) sensor or a
CCD (Charge Coupled Device) sensor.

SUMMARY

Various aspects of examples of the invention are set out 1n
the claims.

According to a first aspect of the invention there 1s provided
an apparatus, comprising;

a plurality of photon sensing layers arranged on top of each
other; and

an intermediate layer between each two adjacent sensing
layers, the sensing layers being of graphene, and each inter-
mediate layer being configured to prevent a respective color
component of light from proceeding into the photon sensing
layer next to it.

In an example embodiment, the light refers to visible light,
inirared light and/or ultraviolet light. And a color component
refers to a respective color component.

In an example embodiment, the plurality of photon sensing,
layers arranged on top of each other provides a layered struc-
ture. A stack of layers may be formed. In such a stack major
surfaces of the sensing layers and intermediate layers may
face each other. They may be 1n contact with each other.

In an example embodiment, reflective coatings present
examples of mntermediate layers.

In an example embodiment, there 1s provided a camera
sensor based on graphene photo detectors. In an example
embodiment a graphene transistor 1s used to detect photons.
The detector may be integrated to a camera sensor system
which functions similarly as a CMOS sensor, or like a CCD
sensor, or similar. In an example embodiment, it has been
observed that the photon detection ability of graphene can be
used to separate different wavelengths with the use of suitable
intermediate filtering layers, and the structure can be used as
a camera Sensor.

In an example embodiment, a single pixel camera sensor 1s
provided. Each of the required color components of a color
picture are obtained by a single pixel cell (or photocell). In an
example embodiment, the sensor comprises graphene layers
and reflective or absorbing coatings that separate different
color components. In an example embodiment, the combina-
tion of graphene layers and retflective or absorbing layers 1s
used to measure different wavelength bands with a single
photocell.

In an example embodiment, properly biased graphene tran-
sistor’s capability to detect visible light combined with the
use of retlecting and anti-reflecting coatings 1s used:

to produce a black and white image directly to be used 1n

MPEG4 compressed format for luminance information,
and/or

to produce red, green and blue colors used 1n RGB-coded

color system.
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This all can be implemented 1n one single photocell com-
prising of several graphene layers and reflective (or absorb-
ing) coatings.

In an example embodiment, the apparatus comprises the
intermediate layer(s) configured to prevent a predetermined
color component from proceeding via retlection of the color
component.

In an example embodiment, the apparatus comprises the
intermediate layer(s) configured to prevent a predetermined
color component from proceeding via absorption of the color
component.

In an example embodiment, at least one of the plurality of
photon sensing layers comprises a plurality of graphene sub-
layers or sheets. In other words, one or more of the graphene
layers comprise more than one graphene sheet (sub-layer) on
top of each other.

In an example embodiment, the apparatus is selected from
the group consisting of: an 1mage sensor for a black and white
image system, and an 1mage sensor of a color image system,
such as an RGB-coded system. In an example embodiment, a
single pixel RBG sensor 1s provided.

In an example embodiment, the apparatus comprises the
following layers on top of each other in the following order:
a sensing layer for a first color, a retlective layer or an absorb-
ing layer for the first color, a sensing layer for a second color,
a reflective layer or an absorbing layer for the second color,
and a sensing layer for a third color.

In an example embodiment, the first color i1s blue, the
second color 1s green, and the third color i1s red. In other
embodiments, the order of the sensing layers (and respective
reflective or absorbing layers) may be different.

In an example embodiment, the apparatus comprises an
anti-reflective coating or layer on top of the sensing layer of
the first color.

In an example embodiment, a sensor pixel in the apparatus
1s covered by a respective microlens.

In an example embodiment, the apparatus 1s a handheld
mobile communication device, such as a mobile phone. In an
example embodiment, the apparatus 1s a digital camera. In
certain embodiments, the apparatus 1s a digital storage cam-
era, mobile phone camera, a security camera, or an embedded
camera structure.

According to a second aspect of the invention there is
provided a method, comprising:
providing a plurality of photon sensing layers arranged on top
of each other; and an intermediate layer between each two
adjacent sensing layers, the sensing layers being of graphene;
and
preventing by each intermediate layer a respective color com-
ponent of light from proceeding 1nto the photon sensing layer
next to 1t.

In an example embodiment, the method comprises:
preventing by each intermediate layer a respective color com-
ponent from proceeding into the photon sensing layer next to
it via retlecting the color component.

In an example embodiment, the method comprises:
preventing by each intermediate layer a respective color com-
ponent from proceeding into the photon sensing layer next to
it via absorbing the color component.

In an example embodiment, the method comprises:
providing at least one of the plurality of photon sensing layers
with a plurality of graphene sub-layers or sheets.

In an example embodiment, the method comprises:
providing an apparatus for sensing color components in the
apparatus, the apparatus being selected from the group con-
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sisting of: an 1mage sensor for a black and white 1image
system, and an 1image sensor of a color image system, such as
an RGB-coded system.

In an example embodiment, the method comprises:
manufacturing said photon sensing layers and said interme-
diate layer(s) by a manufacturing method which 1s selected
from a group consisting of: an atomic layer deposition
method, a chemical vapor deposition method, a spin coating
method, and an RF sputtering method.

In an example embodiment, the method comprises:

manufacturing a stacked structure comprising layers on top of
cach other, where the layers are 1n the following order:
a sensing layer for a first color, a retlective layer or an absorb-
ing layer for the first color, a sensing layer for a second color,
a reflective layer or an absorbing layer for the second color,
and a sensing layer for a third color. A color may mean a color
component. The first color/color component may be blue, the
second one green, and the third one red. In other embodi-
ments, the order of the sensing layers (and respective reflec-
tive or absorbing layers) may be different.

In an example embodiment, the method comprises manu-
facturing an anti-reflective coating or layer on top of the
sensing layer of the first color.

In an example embodiment, the method comprises cover-
ing a sensor pixel by a respective microlens.

Different non-binding example aspects and embodiments
of the present invention have been illustrated in the foregoing.
The above embodiments are used merely to explain selected
aspects or steps that may be utilized in implementations of the
present invention. Some embodiments may be presented only
with reference to certain example aspects of the invention. It
should be appreciated that corresponding embodiments may
apply to other example aspects as well. Any appropriate com-
binations of the embodiments may be formed.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of example embodi-
ments of the present invention, reference 1s now made to the
following descriptions taken 1n connection with the accom-
panying drawings in which:

FIG. 1 shows a photon sensing structure in accordance with
an example embodiment of the invention;

FI1G. 2 shows reflections 1n the structure in accordance with
an example embodiment of the invention;

FIG. 3 shows a side view of the structure 1n accordance
with an example embodiment of the invention;

FI1G. 4 shows a top view of a pixel cell in accordance with
an example embodiment of the invention;

FIG. 5 shows an alternative top view of a pixel cell in
accordance with an example embodiment of the invention;

FIG. 6 shows contacts in accordance with an example
embodiment of the invention;

FIG. 7 shows a lens arrangement in accordance with an
example embodiment of the invention;

FIG. 8 shows a photon sensing structure in accordance with
another example embodiment of the invention;

FIG. 9 shows an example block diagram of an apparatus
according to an example embodiment of the invention; and

FIG. 10 shows a rough tlow diagram showing a method in
accordance with an example embodiment of the invention.

DETAILED DESCRIPTION

Example embodiments of the present invention and their
potential advantages are understood by referring to FIGS. 1
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through 10 of the drawings. In the following description, like
numbers denote like elements.

Graphene absorbs photons effectively 1n visible, infrared
and ultraviolet frequencies. The use of graphene as a photon
detector 1s based on the observation that graphene absorbs
light very evenly in the whole visible light spectrum. A
graphene photo detector may be integrated to a camera sensor
system which functions similarly as a CMOS sensor, or like a
CCD sensor, or similar.

FIG. 1 shows a photon sensing structure 1n accordance with
an example embodiment of the mmvention. On the top the
structure comprises an anti-retlective coating 101 for all color
components. Below that layer the structure comprises a first
sensing layer 111 made of graphene.

Below layer 111 the structure comprises a retlective coat-
ing or layer 121 for a first color component (hereinafter
referred to as the first retlective coating 121). The first reflec-
tive coating 121 passes other color components, but retlects
the first color component. In this embodiment, the first color
component 1s blue. Below the first retlective coating 121 the
structure comprises a second sensing layer 112 made of
graphene.

Below layer 112 the structure comprises a reflective coat-
ing or layer 122 for a second color component (hereinafter
referred to as the second reflective coating 122). The second
reflective coating 122 passes other color components, but
reflects the second color component. In this embodiment, the
second color component 1s green. Below the second reflective
coating 122 the structure comprises a third sensing layer 113
made of graphene.

Below layer 113 the structure optionally comprises a
reflective coating 123 for a third color component (the third
reflective coating 123). In this embodiment, the third color
component 1s red. It should be noted however, that the order of
the color filters (layers 121-123) can be chosen to be different
from the one presented above.

On the bottom, there 1s a layer 102 comprising amplifiers,
logic, and wires to form a pixel structure known as such. The
wires are depicted by the wires 131 1n FIG. 1. In an alternative
embodiment, the logic etc. can be placed to the edges of a
pixel cell.

As to the photon sensing operation in the current embodi-
ment 1t 1s noted that practically all incoming photons (or
incoming light) enter the first sensing layer 111. The blue
color component 1s then practically obtained by subtracting
signals obtained from the second and third sensing layers
112-113 from the signal obtained from the first sensing layer
111. Correspondingly, since all color components except the
blue color component enter the second sensing layer 112, the
green color component 1s obtained by subtracting the signal
obtained from the third sensing layer 113 from the signal
obtained from the second sensing layer 112. And, the red
color component 1s directly obtained from the signal obtained
from the third sensing layer 113.

In the event only a black and white picture 1s desired, the
first sensing layer 111 can be used to obtain the black and
white picture, 1n other words luminance information or simi-
lar without computing.

Furthermore, the concept can be used also 1n other frequen-
cies such as infrared and ultraviolet.

FIG. 2 shows reflections 1n the structure of FI1G. 1 1n accor-
dance with an example embodiment.

A desired number of graphene sheets can be fabricated on
top of each other. In an example embodiment, the number of
graphene sheets 1n the first sensing layer 111 1s four, the
number of graphene sheets 1n the second sensing layer 112 1s
four, and the number of graphene sheets 1n the third sensing




US 8,461,567 B2

S

layer 113 1s ten. The number of graphene sheets 1n each layer,
however, can be varied to optimize the performance. Each
graphene sheet typically absorbs around 2.3% of the incom-
ing photons for each color component.

A suitable fabrication method for graphene sheets 1s for
example the CVD (Chemical Vapor Deposition) method.
Alternatively, any other suitable method can be used. A fab-
ricated graphene sheet can be used as a substrate upon which
the next graphene sheet can be deposited.

Color separation between different color components 1s
determined by the quality of the reflector layers (reflective
coatings 121-123) and can be achieved by suitably choosing
the thicknesses and reflection coeflicients of the reflective
coatings 121-123.

The wavelength (color) of the light reflected from a multi-
layer for a given angle of incidence 0, can be calculated from
Snell’s law:

#,'sin B,=#»5s1n O,

where n, and n, are refraction indices of media, and 0, 1s the
angle of refraction. For any reflection, the reflected wave-
length A can be calculated from:

h=2-(n1,d,-cos O,+1,'d5'cos O,)

where d, and d, are the thicknesses of media.

When n,-d,-cos 0,=n,-d,-cos 0,, then A=4:n,-d,-cos 0,,
which gives the maximum reflection. There will then be con-
structive mterference for that wavelength.

In an example embodiment, the thicknesses and reflection
coellicients of media are chosen so that there will be construc-
tive interference for the reflected light at desired wavelengths,
and transmission for other wavelengths. The matenials and
thicknesses used 1in the retlective coatings 121-123 depend on
the implementation. In certain embodiments, the thickness of
the second retlective (green) coating 122, for example, can be
around 300 nm.

Certain examples of applicable reflective coatings are
T10,, and ZnO layers, and thin film polymer layers, such as
layers of polystyrene or teflons. Alternatively, nanoparticle
based adsorption materials may be used. Suitable methods of
fabricating are, for example, spin coating, the ALD (Atomic
Layer Deposition) method, and RF sputtering.

In the embodiment presented 1n FIG. 2, the first reflective
coating 121 reflects from the mcoming light 181 the wave-
length range of the blue color component 181'. The second
reflective coating 122 reflects from the mncoming light 182
(from which the first reflective coating 121 has retflected the
blue color component already) the wavelength range of the
green color component 182'. And, the optional third reflective
coating 123 reflects from the ncoming light 183 (from which
the first and second reflective coatings 121 and 122 have
reflected the blue and green color components already) the
wavelength range of the red color component 183'. The use of
the reflective coatings 121-123 basically double the light
detection elliciency since then also the back reflected signals
can be used.

FIG. 3 shows a side view of the structure in accordance
with an example embodiment of the invention. The structure
covers one pixel cell. The size of the pixel cell may be for
example 1 umx1 um. For example, for a 12M sensor there
could then be 3000x4000 such pixel cells arranged 1n an
array. The pixel cell shown 1 FIG. 3 comprises two source
clectrodes S,, S,, and one drain electrode D. In an embodi-
ment, the contacts 341-343, 341'-343' and 341"-343" to each

graphene layer 111-113 are made of metal. As mentioned 1n
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the foregoing, the layer 102 comprises amplifiers, logic, and
wires to form a pixel structure. The wires are depicted by the

wires 131-133 in FIG. 3.

FIG. 4 shows a top view of a pixel cell 1n accordance with
an example embodiment of the mvention. Shows are the
clectrodes S,, D, and S, of a graphene transistor. In the
embodiment shown 1n FIG. 4 the electrodes are straight elec-
trodes.

The efficiency of conversion of photons to current can be
optimized by tuning the geometry and structure of the pixel
cell, for example by the following:

making the channels between electrodes short and wide;

and/or

making a plurality of source and drain electrodes 1n same

pixel cell.

The noise level 1n the sensor can be reduced by making the
pixel cells smaller.

FIG. 5 shows an alternative top view of a pixel 1n accor-
dance with an example embodiment of the invention. In this
embodiment, the source and drain electrodes S,, S,, D, and
D, are formed as an interdigitated pattern to efficiently cover
the pixel area.

In an example embodiment, the sensor may be properly
biased by doping efiects of the electrodes 1n such a way that
external biasing i1s not needed (“zero-bias operation”). In
practice, 1t 1s possible to practically eliminate a leakage cur-
rent by using zero or very small source-drain voltage. Then,
the potential difference generated by a doping etfect of the
source and drain metal contacts 1s used to drive the photon
generated electrons and holes to source and drain electrodes
for further amplification.

FIG. 6 shows contacts 1n accordance with an example
embodiment of the invention. The contacts 341-343 to each
layer’s source and drain metal electrodes are on the edges of
the pixel. The contacts 341-343 can be fabricated layer by
layer by deposition of metal and dielectric 651-653. In more
detail, the contacts 341-343 to each graphene layer 111-113
can be fabricated by depositing first a metal layer, etching 1t to
desired shape, then dielectric, etching 1t; and continuing after
all three contacts have been fabricated. Visible 1n FIG. 6 are
also the wires 634 at layer 102. Although not shown 1n FIG. 6,
the wires 634 typically should have a connection to the
respective contacts.

FIG. 7 shows a lens arrangement 1n accordance with an
example embodiment of the invention. It1s typically desirable
that the incident angle 1s low for example to avoid total
reflection. Low incident angle can be achieved by using an
approprate lens arrangement. F1G. 7 shows a microlens array
in which each pixel sensor 791 1s covered by a respective
microlens 792. The microlens 792 gathers the photons to the
pixel cell. In this way an ultra thin microlens structure can be
used instead of multi-lens structures. In an embodiment, the
microlens 1s bigger than the channel area of the pixel cell. In
that way there will be more space for graphene transistor
circuits for each pixel, for example. If 1t 1s desirable to have
the incident angle constant throughout the array of pixel
sensors, a combination of the array of microlenses for each
pixel sensor and an objective wide lens can be used.

FIG. 8 shows a photon sensing structure 1n accordance with
another example embodiment of the imvention. The photon
sensing structure of FIG. 8 otherwise corresponds to the
photon sensing structure of FIG. 1 except that instead of
substantially reflecting color components the intermediate
layers between the photon sensing layers absorb the respec-
tive color component.
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Accordingly, on the top the structure comprises the anti-
reflective coating 101 for all color components. Below that
layer the structure comprises the first sensing layer 111 made
ol graphene.

Below layer 111 the structure comprises an absorber layer
821 for a first color component (heremafter referred to as the
first absorber layer 821). The first absorber layer 821 passes
other color components, but absorbs the first color compo-
nent. In this embodiment, the first color component again 1s
blue. Below the first absorber layer 821 the structure com-
prises a second sensing layer 112 made of graphene.

Below layer 112 the structure comprises an absorber layer
822 for a second color component (heremaftter referred to as
the second absorber layer 822). The second absorber layer
822 passes other color components, but absorbs the second
color component. In this embodiment, the second color com-
ponent again 1s green. Below the second absorber layer 822
the structure comprises a third sensing layer 113 made of

graphene.

Below layer 113 the structure optionally comprises an
absorber layer 823 for a third color component (the third
absorber layer 823). In this embodiment, the third color com-
ponent again 1s red. It should be noted however, that the order
of the color filters (layers 821-823) can be chosen to be
different from the one presented above.

On the bottom, there 1s the layer 102 (not shown in FIG. 8)
comprising amplifiers, logic, and wires to form a pixel struc-
ture. In an alternative embodiment, the logic etc. can be
placed to the edges of the pixel cell. The matenals used in
absorber layers 821-823 depend on the implementation.

Just like 1n the foregoing embodiments, in the embodiment
presented 1 FIG. 8, each graphene sheet typically absorbs
around 2.3% of the incoming photons for each color compo-
nent. The first absorber layer 821 absorbs from the incoming,
light 881 the wavelength range of the blue color component.
The second absorber layer 822 absorbs from the mmcoming
light 882 (from which the first absorber layer 821 has
absorbed the blue color component already) the wavelength
range of the green color component. And, the optional third
absorber layer 823 absorbs from the incoming light 883 (from
which the first and second absorber layers 821 and 822 have
absorbed the blue and green color components already) the
wavelength range of the red color component.

The number of graphene sheets in layers 111 and 112 1n an
example 1mplementation 1s twelve, and the number of
graphene sheets in layer 113 1s twenty. The number of
graphene sheets in each layer, however, can be varied to
optimize the performance.

As to the photon sensing operation 1n the current embodi-
ment, similarly as explained in connection with FIG. 1, prac-
tically all incoming photons (or incoming light) enter the first
sensing layer 111. The blue color component 1s then practi-
cally obtained by subtracting signals obtained from the sec-
ond and third sensing layers 112-113 from the signal obtained
from the first sensing layer 111. Correspondingly, since all
color components except the blue color component enter the
second sensing layer 112, the green color component 1s
obtained by subtracting the signal obtained from the third
sensing layer 113 from the signal obtained from the second
sensing layer 112. And, the red color component 1s directly
obtained from the signal obtained from the third sensing layer
113.

And, 1n the event only a black and white picture 1s desired,
the first sensing layer 111 can be used to obtain the black and
white picture, 1n other words luminance information or simi-
lar without computing.
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Furthermore, the concept can be used also 1 other frequen-
cies such as infrared and ultraviolet.

FIG. 9 shows an example block diagram of an apparatus
900 according to an example embodiment of the invention.

The apparatus 900 comprises at least one non-volatile
memory 940 configured to store computer programs or soit-
ware comprising computer program code 950. The apparatus
900 further comprises at least one processor 920 for control-
ling the operation of the apparatus 900 using the computer
program code 950, a work memory 930 for running the com-
puter program code 950 by the at least one processor 920, and
optionally an mput/output system 970 for communicating
with other entities or apparatuses. Accordingly, the mmput/
output system 970, 1f present, comprises one or more coms-
munication units or modules providing communication inter-
faces towards a commumnication network and/or towards
another apparatus. The apparatus 900 comprises a user inter-
face 960 enabling a user to use the device.

The apparatus 980 further comprises a camera module 980.
The camera module 980 comprises the photon sensing struc-
ture described in the example embodiments. The camera
module 980 1s connected to the at least one processor 920. It
may be controlled by the at least one processor 920. Instead or
in addition, the camera module 980 may comprise 1ts own
processor controlling 1ts operation or the operation of the
whole apparatus 900. Depending on whether the apparatus 1s
a mobile communication device housing a camera, or, for
example, a mere digital camera, the structure of the apparatus
may deviate from that presented 1n FI1G. 9. One or more of the
blocks may be omitted and/or one or more additional blocks
may be added 1n an actual implementation.

FIG. 10 1s a tlow diagram showing a method in accordance
with an example embodiment of the mmvention. In the first
steps (steps 1001 and 1002), the method comprises providing,
a plurality of photon sensing layers and intermediate layer(s)
arranged on top of each other, where the photon sensing
layers are of graphene. The steps 1001 and 1002 do not
necessarily reflect any temporal order between the steps. In
reality, when the structure, for example, 1s being fabricated
the steps 1001 and 1002 can be alternately repeated so that a
stack 1s produced 1n which photon sensing layers and inter-
mediate layer(s) alternate. The resulting structure is such that
cach intermediate layer prevents a respective color compo-
nent from proceeding into the photon sensing layer next to 1t
(step 1003). An mntermediate layer may prevent a color com-

ponent from proceeding by absorbing the color component,
or by reflecting 1t.

Other Embodiments

In an example embodiment, the zero-bias operation
described 1n the foregoing can be enhanced by doping the
channel between electrodes to be partly n-type and partly
p-type. Also the metal contacts can be chosen so that the
doping effect 1s enhanced, that 1s, by choosing different met-
als to source and drain electrodes, with different work func-
tions.

In an example embodiment, signals or data obtained from
the pixel cells can be compressed using any suitable compres-
sion algorithm immediately before sending it further. For
example, only differences compared to neighboring cell val-
ues can be stored.

In an example embodiment, a correlated double sampling,
technique 1s used. For that purpose, a measuring (or transier)
transistor may be added to every pixel cell.
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In an example embodiment, the amplifiers can be 1mple-
mented by using graphene transistors or traditional CMOS
technology similar as 1n backside illuminated CMOS sensors.

Without 1n any way limiting the scope, interpretation, or
application of the claims appearing below, certain technical
elfects of one or more of the example embodiments disclosed
herein are listed 1n the following: A technical effect1s a single
pixel solution 1nstead of having parallel separate pixels for
sensing different wavelength bands. When only one pixel 1s
needed for color separation, a technical effect 1s improved
color separation compared to certain other sensors. Another
technical effect 1s fairly even absorption of photons 1n the
whole visible light spectrum. Yet another technical effect 1s a
simple sensor structure to fabricate, as well as low matenal
costs for graphene and intermediate layers. Yet another tech-
nical effect 1s that graphene 1s a flexible material providing
certain design advantages. Yet another technical effect 1s a
fast photoresponse. Fast response time can decrease power
consumption, and give more time to processing the data.

The foregoing description has provided by way of non-
limiting examples of particular implementations and embodi-
ments of the invention a full and informative description of
the best mode presently contemplated by the inventors for
carrying out the mvention. It 1s however clear to a person
skilled 1n the art that the invention 1s not restricted to details of
the embodiments presented above, but that it can be 1mple-
mented 1n other embodiments using equivalent means or in
different combinations of embodiments without deviating
from the characteristics of the invention.

If desired, the different functions discussed herein may be
performed 1n a different order and/or concurrently with each
other. Furthermore, 11 desired, one or more of the above-
described functions may be optional.

Furthermore, some of the features of the above-disclosed
embodiments of this ivention may be used to advantage
without the corresponding use of other features. As such, the
foregoing description shall be considered as merely 1llustra-
tive of the principles of the present invention, and not in
limitation thereof. Hence, the scope of the mvention 1s only
restricted by the appended patent claims.

The mvention claimed 1s:

1. An apparatus, comprising:

a plurality of photon sensing layers arranged on top of each

other; and

an mtermediate layer between each two adjacent sensing

layers, the sensing layers being of graphene, and each
intermediate layer being configured to prevent a respec-
tive color component of light from proceeding into the
photon sensing layer next to it; wherein

at least one of the plurality of photon sensing layers com-

prises a plurality of graphene sub-layers; the apparatus
further comprising

two source electrodes and a drain electrode connected to

cach photon sensing layer.

2. An apparatus according to claim 1, comprising each said
intermediate layer configured to prevent a predetermined
color component from proceeding via retlection of the color
component.

3. An apparatus according to claim 1, comprising each said
intermediate layer configured to prevent a predetermined
color component from proceeding via absorption of the color
component.
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4. An apparatus according to claim 1, wherein the appara-
tus 1s selected from the group consisting of: an 1mage sensor
for a black and white 1image system, and an 1mage sensor of a
color 1mage system.

5. An apparatus according to claim 4, wherein the color
image system comprises an RGB-coded system.

6. An apparatus according to claim 1, comprising the fol-
lowing layers on top of each other in the following order:

a sensing layer for a first color, a reflective layer or an
absorbing layer for the first color, a sensing layer for a
second color, a reflective layer or an absorbing layer for
the second color, and a sensing layer for a third color.

7. An apparatus according to claim 6, wherein the first color
1s blue, the second color 1s green, and the third color 1s red.

8. An apparatus according to claim 1, wherein a sensor
pixel 1s covered by a respective microlens.

9. An apparatus according to claim 1, wherein the appara-
tus 1s a handheld mobile communication device.

10. A method, comprising:

providing a plurality of photon sensing layers arranged on
top of each other; and an intermediate layer between
cach two adjacent sensing layers, the sensing layers
being of graphene;

preventing by each intermediate layer a respective color

component of light from proceeding into the photon
sensing layer next to 1t;

providing at least one of the plurality of photon sensing
layers with a plurality of graphene sub-layers; and

providing two source electrodes and a drain electrode con-
nected to each photon sensing layer.

11. A method according to claim 10, comprising;:

preventing by each intermediate layer a respective color
component from proceeding into the photon sensing
layer next to 1t via reflecting the color component.

12. A method according to claim 10, comprising;:

preventing by each intermediate layer a respective color
component from proceeding into the photon sensing
layer next to 1t via absorbing the color component.

13. A method according to claim 10, comprising;:

providing an apparatus for sensing color components in the
apparatus, the apparatus being selected from the group
consisting of: an 1mage sensor for a black and white
image system, and an 1mage sensor of a color image
system.

14. A method according to claim 13, wherein the color

image system comprises an RGB-coded system.

15. A method according to claim 10, comprising:

manufacturing said photon sensing layers and each said
intermediate layer by a manufacturing method which 1s
selected from a group consisting of: an atomic layer
deposition method, a chemical vapor deposition
method, a spin coating method, and an RF sputtering
method.

16. A method according to claim 10, comprising;:

manufacturing a stacked structure comprising layers on top
of each other, where the layers are 1n the following order:

a sensing layer for a first color, a reflective layer or an
absorbing layer for the first color, a sensing layer for a
second color, a retlective layer or an absorbing layer for
the second color, and a sensing layer for a third color.

17. A method according to claim 16, wherein the first color

1s blue, the second color 1s green, and the third color 1s red.
18. A method according to claim 10, comprising;:
covering a sensor pixel by a respective microlens.
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